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smMARY

An investigationwasmadeon anunswept-wingfour-engineboniberair-
planeto determinetheverticalanddragground-reactionforcesimposed “
onthelandinggearwhentaxiingoverobstacles1.5and3.0 inchesin
heightand1,2, and4 feetinwidth.Verticalaccelerationsatthecen-
terofgravityoftheairplaneandshock-strutdisplacementwerealso
=easured.Theinvestigationincludeda rangeofgroundspeedsfrom10
to 70milesperhour. Theweightoftheairplanewasapproximately
95,000pounds. Resultssrepresentedof theeffectsofgroundspeedand
thewidthsandheightsoftheobstaclesontheverticalanddragforces,
onverticalaccelerationatthecenterofgrav%tyoftheairplane,on
shock-strutdisplacement,andonresponseoftheuppermassoftheair-
planestructure.

Theresultsoftheinvestigationind3catethatmsximunincremental
verticalandrearwarddragground-reactionforcesareprimarilya func-
tionoftheheightoftheobstacle.Themaximumincrementalvertical
ground-reactionforceforeachobstacleheighttestedwasthegreatest
forthe2- andh-foottidthsandthesmallestforthel-footwidth.The
maximumrearwarddragground-reactionforceforeachobstacleheight
testedwasthegreatestforthel-foot-tideobstaclesandthesmallest
forthe4-foot-wideobstacles.Themaximumincrementalshock-strutcom-
pressionwasgreatestforthe3.O-inch-highobstaclesandincreasedwith
obstaclewidthforboththe1.5- and3.O-inch-highobstacles.The
ground-reactionforcesimposedonthemain-landing-gearwheelsarenot
affectedbecausethenosewheelstrikestheobstaclesfirst.Thecenter-
of-gravityverticalaccelerationoftheairplanewasthehighestforthe
2- andk-foot-wideobstaclesforboththe1.5-and3.O-inchheights
tested.Thedynamicresponsefactoratthecenterofgravityoftheair-
plane,asa resultoftaxiingoveranyoftheobstaclestestedat speeds
above25milesperhour,reachedvaluesasmuchastwicethemeanvalue
of 1.0obtainedin somepreviouslandingtestsatverticalvelocities
up to slout5.5 feetpersecond.Thesehighervaluesof@smic response
factorobtainedintheobstacletestsappearedtobe associatedwith
higherforce-inputrateswhich,atthehigherspeeds}reachedvalues
overthreetimestheforce-inputrateobtainedinthepreviouslanding
tests.
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INTRODUCTION

Inrecentyearsconsiderableneedhasexistedforexperimentaldata
whichairplanedesignerscoulduseto definemoreaccuratelytheground-
reactionflxcesimposedonairplanestaxiingunderabnormalor severe
conditions.Or&ya limitedsmountofexperi&ntaldatadefiningthese

—

ground-reactionforcesunder,actualtaxiingconditionshavebeenavaila-
ble. Inasmchastherewasavfi”lablea bomberairplanebeingusedfor —
a landing-loadsinvestigation(ref.1),itwasconsideredthatadditional
useful’datacouldbe obtainedby taxiingtheairplaneatvariousspeeds
oyerobstaclesofvariouswidthsandheights..Althoughtheairplanewas —

instrumentedprimarilytomeasur,etheverticalandhag ground-reaction
forcesonthemaingearduringlandinginsteadoftheresponseofthe
wingandfuselsgecomponentsto dynsmicloads,itwasconsideredthat —

theground-reactionforcedatawouldstillbe ofvalueinindicating
theinputloadsdevelopedonth3.stypeofairplanewhentsxiingover
obstacles.

.— h -

Thisinvestigationincludedthemeasurementoftheground-reaction
forcesonthemainlandinggear,theverticalaccelerationatthecenter

u

ofgravityoftheairplane,andtheshock-strutdisplacementwhentaxiing
atvariousspeedsoverobstaclesofvariouswidthssndheights.

SYMBOIS

Aa maximumincrementalverticalcenter-of-gravityacceleration,
ft/sec2

~h maximumresrwarddragground-reactionforce,lb

AFv maximumincrementalvertic81ground-reactionforce,lb

AFv>~ maximumtotslincrementalvertical ground-reactionforce, lb

g accelerationdueto gravity,ft/sec2 .

h heightof obstacle,in.
I

time fromimpactforcenter-of-gravityverticalacceleration
to reach~eakvalue,sec

tFh timefromimpactforrearwarddraggroundreactiontoreach
peslsvalue,sec

●

●
✎✌

✌✌
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tFv timefromimpact
value,sec

t~ tfmefromimpact
vslue,sec

3

forverticalgroundreactiontoreachpeels

forshock-strutdisp~cementtoreachpeak

At& incrementintimefromstartof shock-strutdisplacementto
peak

v ground

w weight

Vw static

value,sec

speed,mph

ofairplane,lb

verticalloadonwheel,lb

w widthofobstacle,ft

%lsx msxhwn incremental.shock-strutdisplacement,

EQUIPMENT,TESTS,m INSTRJMENWION

in.

An unswept-wingfour-engineboniberairplane(fig.1)togetherwith
a seriesofobstacles1,2, and4 feetwideand1.5 and3.0 incheshigh
(figs.2 and3) wereusedinthetests.Theobstacleswerebuiltup of
3–-inchplywoodandwereboltedto therunwaywiththeircenterlines
4
300feetapartalongtherunway.Thepositionsof theobstaclesallowed
thenosegearto strikethecenterobstaclefirstandthemainwheels
to striketheouterobstacleslater.TheWight oftheairplanefor
thesetestswasapproximately95,000pounds,andthecorrespondingtire
pressureforthisweightwas~ poundspersquareinchforthe56-inch-
diametersmooth-contourmain-wheeltires.Themain-gearshockstruts
hada totalstrokeof12 inchesandwereadjustedbyairpressureto a
position2 inchesfrcmfullycompressedwiththeairplanefullyloaded.

Theairplanewastaxiedovertheobstaclesatgroundspeedsranging
from10to 70milesperhour‘inbothdirectionsalongtherunway.Several
testsweremadewiththe3-inch-high-nosewheelobstaclesremovedinorder
to determinewhethertheimpactwiththeobstacleby thenosegearhad
anyeffectonthemain-gesrimpactwtththeobstacle.

Figure4.showsa sketchof oneofthemain-landing-geartrucks(a
pairofwheelsreferredto as a unit)withonewheelremoved.Thestrain
gagesandtheverticalandhorizontallinearaccelerometersusedin
obtainingverticalanddragground-reactionforcesforeachofthefour



4 NACATN 4400

maimwheelswerelocatedas shown.Theline~ accelerometershadnatural
frequenciesintherangefrcm160“to220cyclespersecond.Thestrafn-
gageandlinear-accelerometeroutputswererecordedontwophotographically
recordingoscillographsusinggalvanometershavinga naturalfrequencyof
150cyclespersecond.Verticalacceleration-wasme”asuredatthecenter
ofgravityoftheairplaneby meansof a photographicallyrecordingaccel-
erometerhavinga naturalfrequencyof12 cy~lespersecond.Shock-strut
deflectionsweremeasuredby meansof slide--tirepositiontransmitters
andphotographicallyrecordingoscillographsusinggalvanometershaving
a naturalfrequencyof9 cyclespersecond.

DATAIUZDUCTIOIT

Foreachwheeltheaxlestrain-gageme~urementswereusedto calc-
ulateverticalanddragforcesontheaxle.:A completedescriptionof
themethodof obtainingtheforcesontheaxlefromthestrain-gagemeas-
urementsisgiveninreference1. Thevertical.anddragground-reaction
forcesforeachwheelwerethendeterminedlyaddingtothecorrespondhg
axleforcean inertiatermconsistingofth=”productofthemassoutboard
ofthestrain-gagelocationandtheappropriateaccelerationasmeasured
by thelinearaccelerometers.

Theactualgroundspeedovertheobstacleswascalculatedlyusing
therelationoftheintervalbetweenthethe thenosewheelandthe
mainwheelstrucktheobstacleandthedistancebetweenthenosewheel
andthemainwheels.Thistimeintervalwasdeterminedfromtheoscil-
lographrecordsby notingthetimesof impactwiththeobstacleas indi-
catedby theverticalaccelerometersruotited”onthenoseandmaingears.
Thegroundspeedsforthetestswiththenose-wheelobstaclesremoved
werecalculatedfromrotationalvelocitiesofthemainwheelswhichwere
obtainedfrommotion-picturerecordsofthemainwheels.Forsomeof
thetests.withthenose-wheelobstaclesin-place,bothmethodsof cal-
culatinggroundspeedwereused,andtheresultscomparedfavorably.

RESULTSANDDISCUSSION

●

?“

.-—
.

—

Typicaltimehistoriesofverticalanddragground-reactionforces,
verticalaccelerationatthecenterofgravityoftheairplane,and
shock-strutdisplacementsreshowninfigure5 fortheleftoutboard
wheelasitrolledoverobstacles3inches.highand1,2,and4 feetin
widthata groundspeedofapproximately70milesperhour.

●
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Forthetimehistoriesshowninfigure5,boththeverticalanddrag
forcesreachedmaximumvaluesatapproximatelythessmethe; nsmely,. between0.025and0.03secondafterimpactwiththeobstaclesforall
threewidthsoftheobstaclestested.Thetimefortheverticalaccel-
erationatthecenterofgravityto reacha peakvaluecanbe seentobe
somewhatlonger;thatis,about0.035to 0.045second.Fortheshock
strut,thetimeto reacha peakdeflectionvariedfromabout0.06to
0.08second.Thesetimesappeartobe typicalofthetimesrequiredfor
theforces,acceleration,andshock-strutdisplacementto reachpeak
valuesatmoderateandhighspeeds.Themsximwnincrementalvaluesof
theforceandthetimesforeachofthesevaluesto reacha peakafter
impactaregivenin tableI foreachindividualwheel.TableIIgives
themaximumtotalincrementalvaluesoftheverticalforceson allfour
wheels,theincrementalcenter-of-gravityverticalaccelerations,andthe
timesforthesequantitiesto reachpeakvalues.Themaximumtotalver-
ticalforcesgivenintable11weredeterminedlysting theindividual

k vertical-forcetimehistoriesandsre,therefore,notequivalentto the
sumofthemaximumindividualvertical.forcesgiveninWble 1. Table111
givessomeoftheshock-struttime-historychsxacteristics.

.

Ground-ReactionForces

Thevariationwithgroundspeedofthemsximumincrementalvertical
smdmaximumrearwsrddragforcescausedby impactwiththeobstacleare
showninfigure6 foralloftheobstaclestestedfortheleftoutboard
wheelonly.Thedatafortheotherthreemainwheelsindicatedthessme
trendsasthedatafortheleftoutboardwheelandarepresentedin
table1.

Foreachparticularwidthtestedthehighestverticalforces
(fig.6(a)) occurredforthe3.O-inch-highobstacle.Forboththe1.5-
snd3.O-inch-highobstaclesthe2- andb-footwidthsresultedinhigher
verticalforcesthanthel-footwidth.Inthisconnectionitwasobserved
frommotionpicturestakenofthewheelthatforthel-foot-wideobstacles
thetirescompletelyengulfedtheobstacleandthewheeldidnotappreci-
ablyriseas itpassedovertheobstacle.Forthedragforce(fig.6(b))
theoppositeresultswereindicatedinthatthehigherdragforcesoccurred
forthel-foot-wideobstaclesforeachparticularheighttested,withthe
valuesdecreasingastheobstacletidthincreased.Thehighestvaluesof
dragforceoccurredforthe3-inch-highobstacles.

Theverticalanddrsgforcesincreasedwithan increaseinground
speedup to ~ to 60milesperhour(dependingon obstacleheight),after
whichthesevalueshada tendencyto decreasetithgroundspeed.Forthe
testswiththeb-foot-wideobstaclesthemotionpicturesindicatedthat
thewheelroseup ontheobstacleandthatthecompletefootprintwas
supportedby theobstaclepsrtofthetimedwing thepassageofthe
wheelovertheobstacle.Thus,theground-reactionforcesforthe4-foot-
wideobstaclesprobablycloselyrepresentthosewhichwouldbeexperienced
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whentaxiingbackontoa runwayhavinga shoulderheightequivalentto
thatoftheobstaclestested.Thefairedcurverepresentingresultsfor
thel-foot-wideo~staclesforbothheightsarealsoshowninfigure7 “w‘“

asthevariationofverticalanddragloadfactorwithspeed,whereload
factoris simplythemaximwnincrementalground-reactionforcedivided
by thestaticverticalloadonthewheel.Resultsintermsofload
factor(furnished%ythemanufacturer)obtainedfromstrain-gagemeas-
urementsonthemainverticallanding-gearstrutofanunswept-wingten-
engineheavyborriberairplanefortestsattwoweightsoverobstaclesof
thesue widthandheights.srealsoshown.Theresultsshownforthe
heavybonibersrenotdirectlycomparableto..theresultsofthepresent
testsandme presentedonlyto indicatetrends.Thestrutforcesmeas-
uredinthetestsoftheheavybomberwouldhavetobe convertedto
ground-reactionforcesby correctionfortheunknowninertiaforcesof
themassbelowthepointofmeasurementinordertobe comparable.As
farastrendsareconcerned,however,themeasurementsshownforthe
heavyboniberdonotseemto indicatethesamevariationswithspeedas
dothepresentresultsbutdo agreeinintii:atinghighervaluesofboth

b

drsgandverticalloadfactorforthehigherobstacle. . —
.- .6-

Center-of-GravityAcceleration

Fromthetimehistoriesofthecenter-of-gravityverticalaccelera-
tionsuchas showninfigure5,themsximumincrementalvalueswere
obtainedforeachimpactwithan obstacleandsregivenintableII.
Thevariationofthemaximumincrementalverticalaccelerationwith
groundspeedis showninfigure8 forthevariousobstaclestested.
Thesedatavariedwithgroundspeedina somewhatsimilarmannerasthe
verticalforces(fig.6)with the highestvaluesofaccelerationoccurring
forthe1.5-and3.O-inch-highobstaclesof2- sad4-footwidths.

A comparisonoftheseverticsl-accelerationresultswiththose
availablefrbmtheobstacletestsoftheheavyboniberisshowninfig-
ure9. Thetestsoftheheavybomberincluded1.5-and3.O-inch-high
obstaclesl-footwidefortwoairplaneweights.me verticalaccelera- .
tionsfortheheavyboniberweremeasuxedatthefuselagecenterlineon
therearsparofthewingin.closeproximi~_ytothecenter OfgravitY
oftheairpl~e.Forboththeheavybotierandtheairplsmeusedin
thepresenttests,theground-reactionforcesweretransferredtothe
structurethroughwing-mountedlandinggeai.Theresultsfortheheavy
bombershowaboutthessmevaluesupto speedsof20to 30milesper
hour,butathigherspeedstheresultsshowlowervalues thm dothe
resultsofthepresenttests.

Theincrementalvertical-accelerationresultsofthepresenttests
arecomparedinfigure10withthoseobtainedfromthemanufacturerfor
obstacletestsof a swept-wingmediumboniberwhichhadsixjetengines
andweighed95,00Qpounds.Resultssreshownforboththeforwardand

.

s’
—

—
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rearwardgears
eachobstacle.*
(1.6-inch)and

7

ofthebicycle-geararrangementasthebonberpassedover
Theresults.forthemediumbcmiberareforslight~higher
wider(2.2-and4.5-foot)obstaclesthanarethepresent

results. Theresults-fortheforwardgem ofthemediumbombershowthe
saneincreasewithspeedatthelowerspeedsasdotheresultsofthe
presenttestsbut,ingeneral,gotohighervslues at speedsinthe
rangeof ~ to @“milesperhour.Theresultsfortherearwardgesr
areof thesaneorderat 17milesperhourasthepresentresultsbut
areconsider~lylowerathigherspeeds.

As hasbeenpreviouslyshown(fig.9)theverticalcenter-of-gravity
responsewasgenerallylowerforthelsrger,moreflexibleheavybomber
thanfortheairplaneusedinthepresenttests.In contrast,theswept-
wingmediumboniberwhichhadthelandinggesrmountedinthefuselage
indicateda center-of-gravityresponsefortheforward-gearimpacts
higherthanthatfortheairplaneusedinthepresenttests.Thesecon-
trastingresultsonlyserveto emphasizethattheres~nseatthecentera
ofgravityisdependentona numberoffactorssuchasthelanding-gear
shock-strutcharacteristics,thelocationofthelandinggear,themode

. shapeexcited,andtheflexibilityofthestructure.

Shock-StrutDisplacement

Fromthetimehistoriesof shock-strutdisplacementsuchasare
showninfigure5,themaxfwmincrementalvaluesof compressionwere
obtainedforboththeleftandrightmaingearforeach@act withan
obstacle.Thevariationofthepeskincrementalcompressionwithspeed
is showninfigure11forthevsriousobstaclesusedinthetests.For
the1.5-inch-highobstaclesit appearsthatthecompressionincreases
withbothspeedandobstaclewidth.Thelargesmountof scatterofthe
resultsatthelowestspeedappearedtobe associatedwiththerolling
oftheairplanecausedby onegearrisingon anobstaclebeforethe
other.Forthe3.O-inch-highobstaclesitisevidentthattheshock-
strutdisplacement.ishigherthanthatfor the1.5-inch-highobstacles
andincreaseswithobstaclewidthasforthel.~-inch-highobstaclesbut
variesrathererraticallywithspeed.

Examinationofthetimehistoriesof shock-strutmotionindicated
thatinmostcasesthetimehistoryappearedtobe similarin shapeto
a sine‘curvefortheinitialmotionup tothepeakvalueof compression.
Becauseof stickingtendencies,motionof,theshockstrut,ingeneral,
didnotstartatthetimeof impact;therefore,boththevsluesofthe
timefrom@act topeakdisplacementandthetime“frcmstartof shock-
strutmotiontopeakdisplacementsregivenintableIIItogether@th
thevalue ofthemaximumincrementalshock-strutdisplacement.
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Fromstrain-gageandaccelerometerrecordsitwasobservedthat

withthe300-footspacingbetweentheobstaclestheimpactwithone
obstacledidnotappeartohaveanysignificanteffectontheimpact
withthenextobstacle.A comparisonofre$id_tswithad withoutthe
nose-wheelobstaclesinplace(figs.6 and8) indicatesthatthenose-
wheelimpactwiththeobstacleshasno significanteffectonthemain-
gearground-reactionforcesandtheverticalaccelerationatthecenter
ofgravityoftheairplane.Inaddition,runwayroughnessencountered
throughouttheinvestigationtransmitted10=s throughthelandinggear
totheairplanestructureandresultedinwingandengineoscillations
which,dependingonthephasingatthetimeof obstacleimpact,either
addedto or subtractedfromtheloadscontributedby theobstacle.
Thesewingandengineoscillationsarebelievedtohavecontributedto
thescatteroftheground-reactionforceandcenter-of-gravityvertical-
accelerationdata.

Center-of-GravityDynamicResponseFactor

Theresponseoftheuppermassoftheai~lanestructurecausedby
thelanding-geartrucksstrikingtheobstac:eswasanalyzedandcompared
withtheresponseoftheuppermassobtainedfromlandingimpactsduring
a landing-loadsinvestigationmadepreviouslywiththisairplme”(ref.1).
Thisanalysiswasmadeonthebasisof a dynamicresponsefactorwhich

wAa
was takenas

g ~v>t

<, where
..

w weightofairplane .—

.

AFv,t maximumtotalincrementalverticslforceappliedtomaingear
by @act withobstacleor inlandingimpact

.

Aa maximumincrementalverticalcater-of-gravityacceleration

Thevsriationoftheresponsefactorwithgroundspeedforthe
resultsobtainedintheobstacletestsis-showninfigureX2(a).For
thelandingteststheresponsefactorisgivenasa functionofthe
verticalvelocityat impactinfigure12(b).A comparisonofthese
resultsindicatesthatforvertical.velocitiesup to5.5feetpersec-
ondinthelandingtests,theresponsefactorislow(meanvalueabout
1.0)smdsgrees.withtheresponsefactoroltai.nedintheobstacletests
atthelowspeedsbelowabout25Jmilesperhour.Fortheobstacletests
madeathigherspeeds,theresponsefactoris,ingeneral,greaterand

*
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reachesvaluesasmuchastwicethemeanvalue obtainedinthelanding
tests.

.

Thehighervalueoftheresponsefactorshownby theresultsofthe
obstacletests(atthehigherspeeds),whencomparedwiththeresultsof
thelandingtests,isapparentlyassociatedwiththehigherforce-input
ratethatoccurredduringthehigh-speedobstacletest. Thevariation
offorce-inputratewithgroundspeedfortheobstacletestsisgiven
infigure13(a).Theforce-inputratevariationwithverticalvelocity
forthelandingimpactsis showninfigure13(b).Theseresultsindicate
thattheforce-inputrateincreaseswithincreasinggroundspeedorwith
increasingverticalvelocity.Themaximumforce-inputratesobtainedin
theobstacletests(forexample2,950,000lb/seeat 65milesperhour)
wereoverthreetimesash~ghasthoseobtainedinthelandingimpacts
(830,000lb/seeatshout5.5feetpersecond).It isalsoevidentthat
forthelandingimpactstheforce-inputratesarecomparabletothose
fortheobstacletestsup to 30milesperhour.

Therelationshipbetweendynsmicresponsefactorandforce-input
rateforboththeobstacleandlandingtestsis showninfigure14.
Itappearsthat,ingeneral,thedynamicresponsefactorincreases
withan increaseinforce-inputrate. Thevaluesofdynamic-response
factorforboththeobstacleandthelandingtestsappearto agree
throughouttherangeofforce-inputratescoveredby thel=dingtests
(Oto830,0~ lb/see).

CONCLUSIONS

Theprincipalresultsof an investigationof anunswept-wingfour-
engineboniberairplsnetaxiingatvariousspeedsoverobstaclesof
variouswidthsandheightsaresummarizedasfollows:

1.Maximumincrementalverticalandrearwarddrsgground-reaction
forceswhichdevelopon impacttithanobstacleme primarilya func-
tionoftheheightoftheobstacle.

2. The maximum incrementalverticalground-reactionforceforboth
obstacleheightstested(1.5and3.0inches)wasgreatestforthe2-
andh-footwidthsandsmallestforthel-footwidth.

3. The msximmn rearwarddregground-resctionforceforbothobstacle
heightstestedwasgreatestforthel-foot-wideobstacleandsmallest
forthe4-foot-wideobstacles.

4.Themsktiumincrementalshock-strutcompressionwasgreaterfor
the3.O-inch-highobstaclesthanforthose1.5incheshighandincreased
withobstaclewidthforbothobstacleheightstested.

.
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Ground-reactionforcesimyosedonthemain-landing-gearwheels
.

affectedbecausethenosewheelstrikestheobstaclesfirst.
=.:

6. Theairplanecenter-of-gravityverticalaccelerationsdeveloped
on impactwiththeobstaclewerethehighestforthe2- andk-foot-wide
obstaclesforboththe1.5-and3.O-inchheightstested. —4

7.Thedynamicresyonsefactoratthecenterofgravityofthe
airplanea= a resultoftaxiingovertheobstaclesatthehigherspeeds
reachedvaluesasmuchastwicethemeanvalueof1.0obtainedin some
previouslandingtestsatverticalvelocitiesup to 5.5feetpersecond.
Thesehighervaluesof dy%amicresponsefactorobtainedintheobstacle
testsappearedtobe associatedwithhigher.force-inputrateswhich,at
thehigherspeeds,reachedvaluesoverthreetimesthehighestforce- —
inputrateobtainedinthelandingtests.

LangleyAeronauticalLaboratory, ●

NationalAdvisoryCommitteeforAeronautics,
LangleyField,Va.,July2g,1958. .
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of various heights. w = 1 foot.
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